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THE INSTITUTE OF PAPER CHEMISTRY
Appleton, Wisconsin
COMPARATIVE EVALUATION OF B- AND C-FLUTE BOXES AND COMBINED BOARD
FABRICATED WITH VARIOUS CORRUGATING MEDIUM WEIGHTS
SUMMARY
The Rule 41 requirement, specifying that the minimum caliper and basis
weight of the corrugating medium should be 0.009 inch and 26 lb, respectively., was
established many years ago. Because of the significant improvements in medium
quality since the Rule 41 specifications were established, it appeared that it may
be possible to make boxes at lower medium weight which would give adequate perfor-
mance. Accordingly, a study was initiated to comparatively evaluate the performance
of combined board and boxes fabricated with 21-, 23- and 26-lb'.corrugating medium,
each fabricated with 26-, 42- and 90-lb linerboard.
While it was not possible to obtain mediums huvin'g ,the desired· weights and
Concora strengths from a single machine, four mediums were supplied made by differ-
ent companies as follows:
Basis
Medium Weight, Concora,





As a matter of convenience in the discussion, the mediums are referred to as 26-,
23-, 22- and 20-lb in the same order as listed above.
The above mediums were fabricated into B- and C-flute combined boards
and boxes. In the case of the C-flute combinations, each medium was combined with
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26-, 42- and 90-lb liners. For the B-flute combinations, each medium was combined
with 42-lb liners. Two box sizes were made for each combination: z'o. 2-1/2 can
size and 22 x 16 x 18-inch size.
The following results were obtained:
1. GENERAL.
The boxes and combined boards made with the 23-lb medium generally
exhibited performances which were about equal to or slightly lower than the per-
formances of the constructions made with 26-lb medium. Thus reductions in Rule 41
corrugating medium weight and caliper requirements may be feasible in order to
bring about savings in fiber and capital requirements. A detailed summary of the
results is given below.
2. BOX PERFORMANCE.
a. Top-load box compression.
On an overall basis the 23-, 22- and 20-lb medium constructions
exhibited percentage reductions in strength of -2.5, -12.8 and
-18.4%, respectively. Thus the top-load compression strengths
of the boxes made with 23-lb mediums were essentially the same
as for the boxes made with 26-lb medium.
b. End-load compression.
The overall average results show that the boxes made with 23-,
22- and 20-lb medium exhibited reductions in strength of -6.9,
-15.3 and -21.2%, respectively. Thus the 23-lb constructions
exhibited only modestly lower end-load box strengths as compared
to the 26-lb medium constructions.




c. Twelve-inch corner drop.
The average results show that the 23-, 22- and 20-lb mediums
exhibited reductions in drop performance of -29.8, -9.5 and
-21.4%, respectively. These differences in performance appeared
to be very much dependent on the tearing strengths of the mediums.
For example, the tearing strength of the 22-lb medium was about
the same as for the 26-lb medium and the difference in drop test
results (-9.5%) was not Statistically significant. On the other
hand, both the 23- and 20-lb mediums were made with relatively
low tearing strength compared to the 26-lb medium and both
exhibited low drop test performances. Thus the differences in
drop test performance appeared to be more affected by tearing
strength than medium weight.
3. COMBINED BOARD PERFORMANCE.
The overall average percentage changes in combined board properties of
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a. The combined boards made with 23-, 22- and 20-lb mediums
exhibited about the same bursting strength as the boards
made with 26-lb medium. This would be expected.
b. It may be noted that the properties of the 23-lb medium con-
structions were about the same as for the 26-lb constructions
although the flexural stiffnesses were modestly lower.
c. The 22- and 20-lb medium constructions exhibited lower per-
formances in all cases than the 26-lb medium constructions.
This was particularly evident in the case of the flat crush
and, to a lesser extent, for caliper, edgewise compression
and flexural stiffness.
4. MEDIUM CHARACTERISTICS
a. The 23-lb medium supplied for the study exhibited lower Concora,
caliper and tearing strength than the 26-lb medium but its
modified ring strength was about equal to that of the 26-lb
medium.
b. The 22- and 20-lb mediums exhibited markedly lower Concora,
caliper and modified ring compression strength. With regard
to tearing strength, the 22-lb medium was about equal to the
26-lb while the 20-lb medium exhibited much lower tearing
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INTRODUCTION
The Rule 41 requirement, specifying that the minimum caliper and basis
weight of corrugating medium should be 0.009 inch and 26 lb, respectively, was
established many years ago when the principal mediums were straw and chestnut.
The quality level at the time these specifications were established was consider-
ably lower than the quality of current corrugating mediums. It also may be noted
that in many European countries the standard corrugating medium weight is no more
than 23 lb/M ft2.
Because of the very significant improvement in medium quality since the
establishment of the corrugating medium specifications in Rule 41, it appears
that it should be possible to make boxes at a lower medium weight which will per-
form satisfactorily. This would bring about savings in fiber and capital require-
ments.
Accordingly, a study was initiated to comparatively evaluate the per-
formance of combined board and boxes fabricated with 21-, 23- and 26-lb corru-
gating medium, each fabricated with 26-, 42- and 90-lb linerboard.
Before undertaking the study, the Technical Division of FKI requested
that a literature survey be performed to determine if a similar study had been
carried out and reported in the literature. The survey findings were summarized
in a report to the Technical Division dated Feb. 28, 1975 (1). The survey un-
covered no study of the type proposed and the Institute was authorized at the
Technical Division meeting on March 18 and 19, 1975 to undertake the experimental
phase.
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At the time the experimental phase was initiated, it was decided that the
evaluation program should be enlarged to include (a) the effect of rough-handling
pretreatment on box performance, and (b) torsion tear tests on combined board. In-
asmuch as funds were not available to cover the costs of the additional work in the
1975 budget, it was decided to defer the rough-handling pretreatment until 1976.
However, it was requested that sufficient boxes be made during the fabrication
program to carry out the additional box performance evaluation in 1976.





It was initially proposed that all the experimental mediums be made on
one machine at the following CMT levels:
1. 26-lb medium - 70-lb Concora
2. 23-lb medium - 70-1b'Concora
3. 23-lb medium - 62-lb Concora
4. 21-lb medium - 70-lb Concora
5. 21-lb medium - 56-lb Concora
However, it was impossible to obtain the mediums from one machine and
it was also impossible to obtain all the mediums at the desired Concora levels.
As a result, only four mediums were made available for this study as shown in





CHARACTERISTICS OF CORRUGATING MEDIUMS
SUPPLIED FOR THE STUDY
igating Basis Weight, lb/M ft2













As a matter of convenience in the text, No. 3
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The 26-, 42- and 90-lb unbleached kraft linerboards required for the
study were supplied by one of the FKI member mills.
The :aboveimtekrials'..-ere fabricated into combined-board and boxes at the
Hi-way 41 plant of Menasha Corporation. The run identifications are shown in Table
II. The runs were carried out in the sequence shown except that Runs 2, 4 and 5
had to be rerun because of poor adhesion. Run 4 was made four times before accept-
able adhesion was obtained. These reruns were made after all other runs had been
.carried out. Satisfactory adhesion was obtained by increasing the opening at the
single-facer from 0.0085 to eventually 0.0105. The opening at the double-backer
was 0.010. The Stein-Hall viscosity of the single-face adhesive was approximately
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The speed during the runs was maintained at between 350-400 fpm.
Two size blanks were cut on the corrugator. The 24 No. 2-1/2 can size
blanks were made on the front side and 22 x 16 x 18-inch size boxes on the back
side. Both size boxes were made with a glued manufacturers joint (glue lap
attached to side panel and adhered to end panel).
The medium rolls were sampled before and after each run whereas the liner
rolls were sampled at the start and end of each roll.
The 24 No. 2-1/2 can size boxes were printed, slotted, scored, etc.,
on an S & S flexo-folder-gluer. The 22 x 16 x 18-inch size boxes were run on a
Hooper-Swift flexo-folder-gluer. Considerable difficulty was encountered on the
flexo-folder-gluers with pull roll crushing, especially with the boxes made with
20- and 22-lb mediums at the Concora levels supplied.
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TEST PROCEDURES
CONDITIONING
All samples (component, combined boards and boxes) were preconditioned
for 24 hours at less than 35% RH and 230C. They were then conditioned for at
least 48 hours at 50% ± 2% RH and 23 ± 1.0°C prior to evaluation.
BOXES
The experimental boxes were evaluated in terms of the following tests:
1. Top-load box compression: 10 box tests for each size box.
2. End-load box compression: 10 box tests for each size box.
3. Twelve-inch corner drop with water-filled cans as contents -
5 box tests, No. 2-1/2 can boxes only.
COMBINED BOARD
The combined board tests were made on material cut from the No. 2-1/2
can size and 22 x 16 x 18-inch size boxes as listed in Table III.
COMPONENTS
The tests carried out on the components are listed in Table IV.
I
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aThese MD tests were carried out using essentially the same procedures as
specified in T811 for CD tests. The specimen dimensions were as follows:
2 inches wide x 4.5 flutes long in the MD. The edges to be loaded during
test were reinforced with Carbowax 4000 wax.
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DISCUSSION OF RESULTS
BOX PERFORMANCE
As mentioned previously, four corrugating mediums ranging in basis weight
from 20.0 to 26.2 lb/M ft2 were fabricated into B- and C-flute combined boards and
boxes. In the case of the C-flute combinations, each medium was combined with 26-,
42- and 90-lb liners. For the B-flute combinations, each medium was combined with
42-lb liners. Two box sizes were made for each combination; namely, No. 2-1/2 can
size and 22 x 16 x 18-inch size.
The top-load box compression results are summarized in Table V and illu-
strated in Fig. 1 and 2 for the No. 2-1/2 can and 22 x 16 x 18-inch size boxes,
respectively. (Note the top-load deflection results are shown in Appendix I.) It
may be noted in the table that the observed basis weights of the medium were 20.0,
21.7, 23.3 and 26.2 lb with corresponding Concora strengths of 41, 44, 54 and 67 lb.
For convenience in the discussion, the mediums will be referred to in terms of
"nominal" basis weight - i.e., 20, 22, 23 and 26 lb.
The results for the No. 2-1/2 can size boxes in Table V and Fig. 1 show
that the boxes made with 23-lb medium exhibited maximum loads which were approxi-
mately equal to the loads exhibited by the boxes made with 26-lb medium. For the
C-flute combinations the boxes made with 23-lb mediums exhibited percentage differ-
ences of +3.1, -1.3 and -1.3% for the runs made with 26-, 42- and 90-lb liners,
respectively, and these differences were not statistically significant at the 0.05
level. For the B-flute combination with 42-lb facings the boxes made with 23-lb
medium gave a percentage difference of -7.1 which was statistically significant at
the 0.05 level. For the composite of the No. 2-1/2 can size results, the boxes
made with 23 and 26-lb mediums gave average loads of 808 and 823 lb, and the dif-
ference of -1.8% was not statistically significant.
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TABLE V
TOP LOAD BOX COMPRESSION RESULTS
Medium Characteristics
BaSis Wt., Concora,.
Run lb/M ft2 lb
Top Load Compression. 11
No. 2-1/2 Diff., 22x16x18
Can Box %a Inch Box
Diff.,
Composite %




































aBased on results for boxes made with 26-lb medium
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Figure 2. Comparison of Top-load Box Compression Results
for the 22 x 16 x 18-Inch Size Boxes
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The top-load compression results for the No. 2-1/2 can size boxes made
with 20- and 22-1b-mediums were significantly lower than the results for the 26-lb
medium for all four flute and liner weight combinations. The percentage reductions
for the composite No. 2-1/2 can size results were -16.6 and -10.2 for the runs made
with 20- and 22-lb mediums, respectively, and both differences were statistically
significant.
The top-load compression results for the 22 x 16 x 18-inch size boxes in
Table V or Fig. 2 generally showed the same trends as the No. 2-1/2 can size box
results. Thus, the boxes made with 23-lb medium exhibited maximum loads which were
approximately equal to the loads exhibited by the boxes made with 26-lb medium and
a statistically significant difference was obtained for only one of the four flute
and facing weight combinations. For the composite of the 22 x 16 x 18-inch size
boxes, the boxes made with 23- and 26-lb mediums gave average loads of 979 and
1011 lb for a percentage difference of -3:..$. While this difference was statis-
tically significant, it may not be of practical importance.
The compression results for the 22 x 16 x 18-inch size boxes made with
20- and 22-lb mediums were generally significantly lower than the results:'for the
boxes made with 26-lb medium.
The No. 2-1/2 can size and 22 x 16 x 18-inch top-load box compression
results were also composited together for each flute and liner weight combination
as shown in Table V and illustrated in Fig. 3. It may be noted that the differ-
ences in top-load strength for the combinations made with 23- and 26-lb medium
ranged from +4.3% to -4.0% and the grand composite average difference was -2.5%.
In three of the five comparisons the percentage differences were statistically
significant (even though the differences were relatively small) partly because
of the greater number of degrees of freedom associated with each composite:avrage..
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However, because of the small magnitudes of the differences, it appears that the
differences in top-load strength between the 23- and 26-lb medium combinations may
not be of practical significance. Thus, these results indicate that it may be
feasible to consider lowering corrugating medium weight specifications from 26 lb
to levels of about 23 lb.
The end-load box compression results are summarized in Table VI and
illustrated in Fig. 4 and 5 for the No. 2-1/2 can size and 22 x 16 x 18-inch size
boxes, respectively. (Note the end-load box deflection results are shown in Appendix
I.) For the No. 2-1/2 can size boxes, the boxes made with 23-lb medium exhibited
lower end-load compression strengths than the boxes made with 26-lb medium for
three of the four constructions and a higher end-load strength in one case - i.e.,
for the C-flute boxes with 26-lb liners. On the average, the boxes made with 23-lb
medium tested 6.0% lower than the boxes made with 26-lb medium and this difference
was statistically significant at the 0.05 level.
The No. 2-1/2 can size boxes made with 20- and 22-lb mediums exhibited
lower end-load strengths than the boxes made with 26-lb medium in all four cases
and the differences were generally statistically significant. On the average, the
reductions in end-load strength for the 20- and 22-lb medium constructions were
26.8 and 16.2%, respectively, and both differences were statistically significant.
The end-load compression results for 22 x 16 x 18-inch size boxes in
Table VI and Fig. 5 show that the boxes made with 23-lb medium gave end-load
strengths which were not statistically different from the results for the 26-lb
medium constructions in three of the four cases - i.e., for the C-flute boxes
made with 26- and 42-lb liners and the B-flute boxes with 42-lb liners. For
the boxes made with 90-lb liners, the 23-lb medium construction exhibited a
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Figure 4. Effect of Medium Weight on the End-load Box Compression
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17.6% reduction in end-load strength relative to the 26-lb medium construction. On
the average, the constructions made with 23-lb medium tested 7.5% lower in end-load
compression strength for the 22 x 16 x 18-inch boxes - about the same as the corre-
sponding result for the No. 2-1/2 can size boxes. Thus, it appears that boxes made
from 23-lb medium exhibit significantly lower end-load compression strengths than
boxes made with 26-lb medium in a statistical sense but the reductions in strength
are relatively small.
The 22 x 16 x 18-inch boxes made with 20- and 22-lb mediums exhibited
lower results than the boxes made with 26-lb medium in all cases and the differ-
ences were generally statistically significant. The composite averages for the
22 x 16 x 18-inch boxes show that the 20- and 22-lb medium constructions gave
reductions in strength of 16.6 and 14.6%, respectively, and both differences were"
*^ statistically significant.
The No. 2-1/2 can size and 22 x 16 x 18-inch end-load box compression
results were also composited together for each flute and liner weight combination
as shown in Table VI and Fig. 6. The grand composite averages show that the con-
structions made with 23-, 22- and 20-lb mediums exhibited reductions in end-load
compression strength of 6.9, 15.3 and 21.2%, respectively, relative to 26-lb medium.
Thus, modest decreases in end-load strength were obtained with the 23-lb medium
constructions as compared to the 26-lb medium constructions.
The twelve-inch corner drop test results on the No. 2-1/2 can size boxes
are tabulated in Table VII and illustrated in Fig. 7. In interpreting the corner
drop results, it should be borne in mind that each medium was manufactured by a
different company and, hence, there were significant differences in sheet proper-
y* ties other than basis weight and Concora. In particular, the average tearing
strengths of the mediums were as follows:
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TABLE VII
TWELVE-INCH CORNER DROP TEST RESULTS
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Elmendorf Tearing
Basis Wt., Strength, g
Runs lb/M ft2 MD CD
1, 8, 9, 13 26.2 (26) 98 128
2, 7, 10, 14 23.3 (23) 53, 62
4, 5, 12, 16 21.7 (22) 99 125
3, 6, 11, 15 20.0 (20) 58 70
As may be noted, the 26- and 22-lb mediums exhibited relatively high tearing strengths
compared to the 23- and 20-lb mediums. In Table VII and Fig. 7 the corner drop test
results tend to parallel the tearing strength characteristics of the mediums. Thus,
the 26- and 22-lb box constructions generally exhibited higher drop test results be-
cause of their higher tearing strength than the boxes made from the 23- and 20-lb
mediums. The drop test results for the 23-lb medium constructions averaged 29.8%
lower than for the 26-lb medium constructions but this reduction seems to be primarily
due to the difference in tearing strength of the 26- and 23-lb mediums rather than
basis weight or Concora.
COMBINED BOARD RESULTS
The average test results obtained on the combined board samples taken
from the knockdown boxes of each size are shown in Table VIII. The separate results
on samples taken from each box size are shown in Appendix II.
In order to assist in comparing the effect of medium weight on combined
board bursting strength, the bursting strength results in Table VIII are retabulated
in Table IX and graphically illustrated in Fig. 8. The changes in medium basis
weight had little or no effect on the bursting strength of the combined board. This
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on the bursting strength of the liners. As one consequence, the combined board
bursting strength results fail to predict the effect of medium weight on either
box compression or box corner drop which were discussed 'inthe previous section.
The flat crush results are tabulated in Table X, and illustrated in
Fig. 9. Despite the lower Concora strength of the 23-lb medium, the combined
board flat crush values for the constructions made with 23-lb medium were approxi-
mately the same as those exhibited by the 26-lb medium constructions. The per-
centage differences were +7.6, +3.7 and 0.0% for the C-flute boards, -4.5% for
the B-flute boards and +1.4% in the overall composite. While these differences
were statistically significant in three of the five comparisons, the differences
were both positive and negative. Thus it may be possible to reduce medium basis
weight to about 23 lb without affecting flat crush strength to any great extent
providing appropriate medium flat crush levels are maintained.
The 20- and 22-lb mediums having Concora levels of 41 and 44 lb, respec-
tively, exhibited relatively low flat crush values compared to the 26-lb mediums.
The composite average reductions in flat crush strength for the 20- and 22-lb
mediums were -39.6 and -37.9%, respectively, and both reductions were highly
significant.
Table XI compares the effect of medium weight on combined board edgewise
compression strength. As discussed in Ref. (2), the cross-direction edgewise
compression strength and flexural stiffnesses of the combined board are the prop-
erties which govern top-load box compression strength. Changes in the cross-direction
edgewise compression strength have a much greater effect on top-load box compression
than corresponding changes in flexural stiffness. Therefore, referring to the table
or to Fig. 10, it may be noted that the constructions made with 23-lb medium tended
to give about equal or slightly higher CD edgewise strength than the constructions
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TABLE X
COMBINED BOARD FLAT CRUSH RESULTS
Medium Characteristics
Basis Wt., Concora,
lb/M ft 2 lb
Flat Crush,
psi









































aBased on results for constructions made with 26-lb medium
as reference.
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TABLE XI

































































aBased on results for constructions made with 26-lb medium as reference.
Significant at the 0.05 level. The significance tests were made on
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Medium Concora,
Wt., lb lb C o*Coposite
26.2 67 Control
23.3 54 +2.8% :
21.7 44 -8.7
20.0 41 -9.4%
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-Figure 10. Effect of Medium Weight ,on the Cross-Direction
Combined Board Edgewise Compression Strength
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made with 26-lb medium. The differences in strength between the 23- and 26-lb con- ^
structions were statistically significant in only two of the four cases. While the
overall difference of +2.8% was statistically significant it is not considered to
be of practical importance.
The equal or slightly higher combined board CD edgewise compression
strengths obtained with the 23-lb medium are due to the fact that the cross direc-
tion edgewise compression strength.of the 23-lb medium was slightly higher than
the CD strength of the 26-lb medium as shown below:
Medium Wt., Cross-Direction Modified
Run lb/M ft2 Ring Compression, lb/inch
1, 8, 9, 13 26.2 10.9
2, 7, 10, 14 23.3 11.6
4, 5, 12, 16 21.7 7.3
3, 6, 11, 15 20.0 7.6 $
It also may be recalled that the top-load box compression results for
the boxes made with 23-lb medium were about equal to those obtained with 26-lb
medium. Thus it appears that the cross-direction edgewise compression strength
and top-load box compression trends are in reasonable agreement.
The cross-direction edgewise compression strengths of the combined boards
made with 20- and 22-lb mediums :--,'re significantly lower than the results obtained
with 26-lb medium. This would be expected in view of their lower cross direction
modified ring compression strengths.
The machine-direction edgewise compression strength of combined board is
one of the major properties employed in past work to predict end-load compression
(3,4). However, the formulas developed had relatively high predictive error. With 
this in mind, it may be noted the 23-lb medium combined boards exhibited MD
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compressive strengths ranging from -2.5 to +9.7% depending on the flute and liners
employed. The boards made with the 20- and 22-lb mediums exhibited lower MD edge-
wise compression strengths than the 26-lb boards.in all cases. In general, it
appears that the magnitudes of the changes in MD edgewise compression strength with
varying medium weights are less than were obtained in end-load box compression, thus
suggesting that an improved or different method of evaluating MD compression strength
is needed.
The combined board flexural stiffness results are summarized in Table XII
and illustrated in Fig. 11 and 12 for the machine and cross-machine directions,
respectively. The geometric means of the machine and cross-machine direction flexural
stiffness results are illustrated in Fig. 13. It may be recalled that top-load box
compression is dependent, in part, on the flexural stiffnesses of the combined board
and, specifically, on the geometric mean (/D Dy) of the flexural stiffnesses in the
£ x y
two directions. However, as discussed in Ref. (2,5) the exponent on the factor
/D D in the box formula is only about 0.25 whereas the exponent on the edgewise
xy
compression strength is about 0.75. Thus, top-load box compression strength is
much less sensitive to changes in flexural stiffness as compared to edgewise com-
pression strength.
As noted in Ref. (2), the flexural stiffness of corrugated board is pri-
marily dependent on the moduli of elasticity and caliper of the liners and the
caliper of the combined board. In the case of cross direction flexural stiffness,
there is also a small contribution from the modulus of elasticity of the medium and
the moment of inertia of the flute. ..
With the above in mind, the machine direction flexural stiffness results
*ft in Table XII and Fig. 11 show that medium weight generally did not have any major
and consistent effect on stiffness except for the constructions with 90-lb liners.
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In the latter case the 20-, 22- and 23-lb medium constructions exhibited significant
reductions in MD stiffness of -30.5, -10.8 and -11.1%.
As would be expected from the previous discussion, decreasing the medium
weight generally lowered the cross-direction flexural stiffnesses as shown in Fig.
12. However, on an overall basis, the reduction in CD flexural stiffness in going
from 26- to 23-lb medium was only 7.1%. A reduction of this magnitude would be
expected to have a considerably smaller percentage effect on box compression strength.
The geometric means of the flexural stiffnesses in the two directions are
shown in Fig. 13. In general, the reductions in medium weight from 26 to 23 lb
resulted in relatively small decreases in /D D in most cases. On an overall basis
the reduction in V D associated with a change in medium weight from 26 to 23 lbxy
was -6.3%. A change of this magnitude would be expected to decrease top-load box
B* compression by only about 2%.
The combined board caliper results in Table XIII indicate that the caliper
decreased progressively as the medium weight was lowered - averaging -1.3, -4.0 and
-7.3% for the 23-, 22- and 20-lb mediums, respectively.
COMPONENT TEST RESULTS
The properties of the four corrugating mediums supplied for the study
are shown in Table XIV. In addition to its lower Concora strength, the 23-lb
medium exhibited lower caliper and markedly lower tearing strength than the 26-lb
medium. The difference in tearing strength had a marked effect on the box corner
drop results as previously discussed. In contrast, the 23-lb medium exhibited
slightly higher CD ring compression and its MD ring compression was about the same
as obtained with the 26-lb medium. The 22- and 20-lb mediums exhibited markedly
lower caliper, Concora and ring compression strengths as would be expected.
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However, as mentioned previously, the tearing strength of the 21.7-lb medium was
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The properties of the 26-, 42- and 90-lb
in Table XV.
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END LOAD BOX DEFLECTION RESULTS
Medium Characteristics
Basis Wt., Concora,
Run lb/M ft2 lb
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